Blastocysts of C57BL/6 mice obtained either 2.5 or 3.5 days post-coitum (dpc) were examined for efficient microinjection after overnight in vitro culture. Incidences of zona-free embryos were much higher at 3.5 dpc after natural mating (1.05/mouse) and superovulation (2.83/mouse) than at 2.5 dpc after natural mating (0.05/mouse) and superovulation (0.01/mouse). By testing germ-line competency of gene-targeted J1 embryonic stem cells, superovulation and/or in vitro culture should be recommended for producing microinjectable blastocysts for production of high germ-line chimeras.
Murine ES cells isolated from the inner cell masses (ICMs) of blastocysts [4] were reported to germinally differentiate after introduction into developing blastocysts [2] . Gene targeting using ES cells has been one of the most feasible and decisive methods to study gene functions in vivo, however there are several technical problems in ES cell-mediated gene targeting. Above all, the efforts of many researchers have make possible the efficient production of high germ-line competent chimeras from different host embryos, such as heat treated or tetraploid eggs [1, 9, 12] . However these methods are not prevalent yet, because of procedural complexity and efficiency. Specific inbred primitive donors for microinjection are, despite the alternative availability of manipulated host embryos, still the main C57BL/6 mice are widely used as embryo donors for ES cell-mediated gene targeting [10] , and the blastocysts of C57BL/6 were favorably injected with ES cells derived from 129 strain for a high germ-line differentiation [11] . However, C57BL/6 mice do not have good yields of blastocysts for micromanipulation. Superovulation is feasible for the preparation of an increased number of embryos for ES cell injection [5] , but gonadotrophin treatment might have adverse effects on the quality of blastocysts, such as smaller trophectorderm outgrowth [3] and retardation of hatching [13] . Culture for approximately 24 h of BALB/c embryos collected from the oviduct 3 day after natural mating [7] has been tried. However, the number of blastocysts was still insufficient. Although superovulation and in vitro culture are general techniques, few reports have demonstrated the effects of their combined use on the efficiency of gene targeting. Therefore, this study was designed to examine the potential of superovulation and/ or in vitro culture for the efficient production of C57BL/ 6 blastocysts for germ-line transmission.
J1 ES cells were maintained on mitotically inactivated mouse embryonic fibroblasts and passaged through 0.25% trypsin containing 5.3 mM EDTA (GibcoBRL) every 43 to 48 h, and gene-targeted subclone was used in this experiment [6] . The culture medium for J1 ES cells was Dulbecco's modified Eagle's medium (GibcoBRL) containing 10% fetal bovine serum (HyClone), 5% ES-qualified fetal bovine serum (GibcoBRL), 0.1 mM of β-mercaptoethanol (Sigma), 1 × nonessential amino acids (GibcoBRL) and antibiotics (GibcoBRL).
In our previous experiments, half of blastocysts collected at 3.5 dpc from naturally mated 5-to 6-week-old mice had no zona pellucida, but blastocysts with intact zona pellucida were dominantly recovered from females of 9 to 10 weeks of age (unpublished data). Therefore, 9-to 10-week-old females were used. Nine-to tenweek-old C57BL/6 females were injected intraperitoneally with 5 IU pregnant mare's serum gonadotropin (Folligon, Intervet Co., The Netherlands) followed 48 h later by 5 IU human chorionic gonadotrophin (Chorulon, Intervet Co., The Netherlands). The females showing a vaginal plug were sacrificed 2.5 or 3.5 dpc. Both oviducts and uteri were surgically isolated, rinsed and flushed with M2 + bovine serum albumin (BSA) 4 mg/ ml. The eggs harvested at 2.5 dpc were cultured on M16 + BSA 4 mg/ml BSA for 20 h and 15 ES cells in 15 to 20 µm diameter were injected into the blastocoel via the junction with trophectodermal cells without physiological damage. The injection medium was DMEM containing 10% FBS (HyClone), 20 mM Hepes (pH 7.2), and 1 × antibiotics (GibcoBRL). The resulting 8 to 12 chimeric blastocysts were transferred into the left uterus of a pseudopregnant foster ICR dam at 2.5 dpc. Chimerism was diagnosed by coat pigmentation, and the male chimeras were backcrossed with C57BL/6 females to test the germ-line transmission of ES cells.
The effect of hormonal stimulation, recovery time and in vitro culture on the number and quality of blastocysts were compared in C57BL/6 females sacrificed at different times after coitus ( Table 1 ). The incidence of zona-free blastocysts recovered at 3.5 dpc was approximately three times that in those with superovulation (2.83/ mouse) than naturally mated (1.05/mouse), and the recovery rates of total embryos and injectable zona-intact blastocysts were also higher in the former (6.03 and 3.20/ mouse) than the latter (3.18 and 2.13/mouse). The zonafree embryos were much less in number at 2.5 dpc after superovulation (0.01/mouse) as well as after natural mating (0.05/mouse). The recovery rate of zona-intact blastocysts (9.07/mouse) was highest in the combination of superovulation with in vitro maturation. These findings indicate that the hatching process might be facilitated at the peri-blastulation stage in the female reproductive tract. However, few have been reported for the cause of early zona-denudation. Recently, the underlying mechanism of zona escape in vivo was suggested to depend not on blastocyst expansion but was presumed to involve some lytic factors [8] .
In this experiment, the superovulation effect was significantly different according to the egg recovery time. The recovery rate of blastocysts harvested at 3.5 dpc (6.03/mouse) was lower than those harvested at 2.5 dpc (9.74/mouse). A possible explanation is that some zonafree embryos may be implanted earlier than zona-intact blastocysts.
The stable euploidism (83%) of J1 ES cell subclone was determined by karyotype analysis prior to injection. The availability of differently-prepared blastocysts for germ-line transmission of ES cells is summarized in Table  2 . Pups were produced from 4, 7 and 5 pregnant foster mothers, respectively. Although the due day and neonate size were not different among the three groups, the birth rate (22.9%) of in vitro cultured blastocysts was remarkably lower, suggesting the decreased developmental potency during the post-implantation period. The decreased potency may be caused by either the blastocysts themselves or by ES cell contributions. Interestingly, the chimera productivity (56.3%) was the highest in the in vitro cultured blastocysts. These results suggest that the birth rate may depend on the contribution of the ES cells in utero. Thus, future experiments need to examine the optimal number of ES cells introduced into the superovulated and in vitro cultured blastocysts. The main reason for the decreased survival rate among in vitro cultured blastocysts (66.7%) was nurturing failure caused by the relatively small litter size. Four male chimeras with at least 90% coat-chimerism were produced in all the three groups, and after backcrossing with C57BL/6 females, high germ-line transmission efficiencies were observed in all the three groups (75.0, 75.0 and 100%). Moreover, in vitro culture of embryos collected at 2.5 dpc after superovulation reduced the number of blastocyst donors (11 females) required for the production of 3 germ-line male chimeras, suggesting increased availability of superovulated and/or in vitro cultivated embryos for successful gene targeting. C57BL/6 mice are being used to support the germline differentiation of 129 strain ES cells [7] , but there have been few reports on the elevation of the efficiency of micromanipulation. Our present results suggest a feasible and practical way to overcome the utilization limit of host embryos in alternative methods such as heat-shock treated or tetraploid eggs [1, 9, 12] .
